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@ Solid electrolyte fuel cell. 

(57) A solid oxide fuel cell comprises an insulating 
layer (1a) formed on a base tube (1) or a base 
tube (1) itself having electrically insulating 
properties, and a generating layer formed by 
successively laminating a fuel electrode (2), a 
solid electrolyte (3) and an air electrode (5) on 
the insulating layer (1a), in which fuel cell a 
chemically stable reaction-preventive film is 
preferably formed between the insulating layer 
(1c) or the insulating base tube (1) and the fuel 
layer, and which fuel cell is preferably heat 
treated. Also, a solid oxide fuel cell may com- 
prise a ceramic base (21),a fuel electrode ma- 
terial (22) and an electrolyte material (23) 
th rmal-spray d and sinter d on th ceramic 
bas member (21), and an air I ctrode material 
(24) th rmal-sprayed on th fuel lectrode ma- 
terial (22) and the electrolyte material (23). 
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BACKGROUND OF THE INVENTION 

1. Field of the Inv ntlon 

5 The present Invention relates to a solid oxide fuel cell (SOFC). It may also be applied to a solid oxide steam 

electrolysis (SOSE). 

2. Description of the Related Art 

10 A conventional cylindrical solid oxide fuel cell is shown in Figs. 13 and 14. Fig. 13 shows a partial section 

of the cylindrical solid oxide fuel cell, mainly its electrode structure. This cylindrical solid oxide fuel cell is con- 
stituted by forming a generating layer comprising the laminated layers of a fuel electrode 2, a solid electrolyte 
3 and an air electrode 5 on the outer surface of a base tube 1 , and then by connecting them with an intercon- 
nector 4. 

15 That is, on the outer surface of the cylindrical ceramic base tube 1 , the fuel electrode 2 is circularly formed 

by thermal spraying or the like, and the solid electrolyte 3 is further circularly formed and superposed upon the 
fuel electrode 2. The base tube 1 is made of calcia-stabilized zircon ia (CSZ), the fuel electrode 2 is made of 
nickel (Ni) or a cermet of nickel and yttria-stabilized zirconia (YSZ), and the solid electrolyte 3 is made of yttria- 
stabilized zirconia. 

20 The interconnect 4 is disposed between the fuel electrode 2 and the solid electrolyte 3 adjacent to it and 

the air electrode 5 is circularly formed and superposed on the interconnector 4 and the solid electrolyte 3. The 

interconnector 4 electrically connects the air electrode 5 formed thereon to the adjacent fuel electrode 2. The 

interconnector 4 is made of nickel (Ni) or a cermet of nickel and ceramics, and the air electrode 5 is made of 

a lanthanum compound such as a lanthanum-cobalt compound (LaCo0 3 or the like). 
25 A fuel 7 such as hydrogen is fed to the inside of the base tube 1, and an oxidizing agent 8 such as air or 

oxygen is fed to the air electrode 5 on the outer surface of the base tube 1. Then, oxygen ions (O 2- ) move in 

the electrolyte at operation temperatures of from 900 to 1000°C, to generate electricity. 

Fig. 14 shows how the cylindrical solid oxide fuel cell operates. As shown in this figure, the oxygen ions 

which received electrons at the air electrode 5 pass through the solid electrolyte 3 and then react with hydrogen 
30 at the fuel electrode 2 to produce water (H 2 0) and release the electrons. Furthermore, a current 6 flows from 

the fuel electrode 2 through the solid electrolyte 3, the air electrode 5 and the interconnector 4 to the adjacent 

fuel electrode 2, as indicated by arrows in Fig. 15. 

Fig. 1 6 shows a structural view in which a conventional cylindrical solid oxide fuel cell is formed as a module. 

As shown in this figure, a cell tube 10 is supported by a lower tube plate 12, and a fuel injection tube 11 is 
35 supported by an upper tube plate 14 and inserted into the cell tube 10. The cell tube 10 comprises the base 

tube 1, the respective electrode elements, and the like as described above, and a fuel 17 such as hydrogen 

(hy is fed to the cell tube 10 through the fuel injection tube 11. 

Between the lower tube plate 12 and the upper tube plate 14, there is defined a fuel discharge chamber 

13 into which an exhaust fuel gas 16 not consumed in the ceil tube 1 0 is discharged. An oxidizing agent 8 such 
40 as air or oxygen (OJ is fed to a region under the lower tube plate 1 2 and outside the cell tube 1 0, and electricity 

is thus generated and then collected by a current lead wire not shown. 

Also, the electrodes of solid oxide fuel cells have been formed by thermal spraying, EVD (electro-chemical 

vapor deposition) or sintering. 

For example, in the case of thermal spraying, a fuel cell is manufactured by supplying a powder for each 
45 cell element into a plasma or burning flame to form a coating film on a base tube or plate in a predetermined 

order. 

According to a method which uses EVD, a fuel cell is manufactured by chemically depositing gases for the 
respective elements on the base plate in the gaseous phase so as to form films. 

In the case of sintering, in order to manufacture a fuel cell, slurries are prepared from powders for the re- 
so spective elements, and thin films, so-called green sheets, are then arranged in a predetermined structure and 
sintered in a high-temperature atmosphere. 

However, the conventional solid oxide fuel cell has the following problems. 

(a) Since the conventional solid oxide fuel cell runs at high temperatures of about 900 to 1000°C, the base 
tube 1 cannot be a perfect insulator at such high temperatures, though it is made of a material having higher 

55 electrical resistanc than the I ctrolyt 3. For this reason, it is presumed that a weak micro-current 6a 

flows through th bas tube 1, as indicat d by brok n lines in Fig. 14, and this inconveni ntly accelerat s 
the d creas of fficiency and th deterioration of the base tub . 

(b) lfth supply of hydrog n(H£ 7 becomes insufficient while the cylindrical solid oxide fuel cell is op rating, 
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the interface betw n th fuel electrode 2 and th solid electrolyte 3 is oxidiz d with the O 2- ions coming 
from the air lectrod 5, and this oxidation r suits in th formation of a film 9 comprising a material having 
high lectrical resistanc , as shown in Fig. 1 5. On the other hand, because th current is forced to flow, a 
by-pass curr nt 6b flows through the base tube 1 , as indicated by solid lines each having an arrow in Fig. 

5 1 5. In consequence, the base tube 1 becomes damaged at portions overlapping with the fuel electrode 2. 

Furthermore, the present inventors have confirmed that in the case of such a cylindrical solid oxide 
fuel cell module as shown in Fig. 1 6, if the supply of the fuel 1 7 is not sufficient in a region downstream in 
the flow of the fuel 1 7 (the upper portion of the cell tube in Fig. 1 6), the above-mentioned condition appears 
and the cell tube 10 may break. 

10 (c) Moreover, the present inventors have also confirmed that in the case of such a module structure as 

shown in Fig. 16, when the fuel injection pipe 1 1 is a good conductor and the fuel injection tube 11 comes 
into contact with the inner surface of the cell tube 1 0 because of thermal strain or inaccurate construction, 
a conduction (discharge) phenomenon 19 occurs at such a contact point as shown in Fig. 17, causing the 
breakage of the cell tube 10. 

15 (d) As for the method of forming the electrode elements, the most important feature of thermal spraying is 
that the cell elements can be easily formed, but powders do not melt completely during the thermal spraying, 
so that films are not dense and a fuel gas tends to diffuse therethrough. Further, since the films are not 
very dense, boundary electrical resistance between the powder particles is high, so the electrical conduc- 
tivities of the cell elements becomes lower than those of the elements formed by sintering or E VD. 

20 (e) The advantage of film formation by sintering resides in high density and high electrical conductivities, 
but it also has a significant drawback that the formation of the cell elements is difficult. In recent years, 
sintered materials have been a subject of research in many countries worldwide, but this disadvantage has 
not been resolved yet. 

(f) EVD produces elements with dense constitution, and so the elements formed by EVD generally have 
25 high electrical conductivities. However, a chlorine gas is used in manufacturing by EVD, and a very delicate 

and unstable manufacturing technology is required and the yield is low. In addition, the use of the highly 
corrosive gas inconveniently results in the corrosion of apparatuses in a relatively short period of time. 

SUMMARY OF THE INVENTION 

30 

An object of the present invention is to provide a solid oxide fuel cell in which neither the by-pass current 
nor the conduction phenomenon takes place. 

Another object of the present invention is to provide a fuel cell having elements which can be easily formed 
and which are dense and have high electrical conductivity. 
35 The present invention provides: 

(1) a solid oxide fuel cell comprising an insulating layer formed on a base tube, and a generating layer 
formed by successively laminating a fuel electrode, a solid electrolyte and an air electrode on the insulating 
layer; 

(2) a solid electrolyte fuel cell which comprises a generating layer formed by successively laminating a fuel 
40 electrode, a solid electrolyte and an air electrode on a base tube having high electrical insulating properties; 

(3) a solid oxide fuel cell comprising an insulating layer formed on a base tube, and a generating layer 
formed by successively laminating a fuel electrode, a solid electrolyte and an air electrode on the insulating 
layer, in which fuel cell a chemically stable reaction- preventive film is preferably formed between the insu- 
lating layer and the fuel layer, and which fuel cell is preferably heat treated; 

45 (4) a solid electrolyte fuel cell which comprises a generating layer formed by successively laminating a fuel 

electrode, a solid electrolyte and an air electrode on a base tube having high electrical insulating properties, 
and in which fuel cell a chemically stable reaction -preventive film is preferably disposed between the base 
tube and the fuel layer, and which fuel cell is preferably heat treated; in (3) and (4) above, as the reaction- 
preventive film, a thin film of yttria-stabilized zirconia or yttrium can be used; 

so (5) a solid oxide fuel cell which comprises a ceramic base, a fuel electrode material and an electrolyte ma- 
terial thermal-sprayed and sintered on the ceramic base member, and an air electrode material thermal- 
sprayed on the fuel electrode material and the electrolyte material; and 

(6) a method for preparing a solid oxide fuel cell which comprises a first step of thermal spraying a fuel 
I ctrode material and an I ctrolyte material on a ceramic bas material in this order, a s cond step of 
55 firing th ceramic base on which the fuel electrode material and the electrolyte material are th rmal-spray- 

d, and a third st p of thermal spraying an air electrode mat rial on the fir d I ctrolyte material. 
Inthepres ntinv ntton as described in (1) through (4) abov , an insulating film having xc llent I ctrical 
insulating properties is int rposed betw en th base tube and the fuel I ctrode, or th base tub itself is made 
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to have excellent I ctrical Insulating properties. Therefore, generated electricity is prevent d from flowing into 

the base tube, and th curr nt flows from th fu lei ctrode through th solid lectrolyte, the air lectrod ,and 

th interconnector to the n xtfuel lectrod , following a path intended at th time of designing th fu I cell. 

Furthermore, even if a film having high resistanc is formed betw n the fuel I ctrod and the solid lectrolyte, 
5 a by-pass current does not flow through the base tube. 

Particularly, when the cell is in the form of a module, the above-mentioned effect prevents the cell tube 

from being damaged or broken even if the shortage of a fuel on the downstream side of one cell tube or the 

uneven supply of the fuel into a plurality of cell tubes results in the formation of a film with high electric resistance 

between the fuel electrode and the solid electrolyte due to oxygen ions. 
10 Furthermore, even if short circuit occurs between the ceil tube and the tube plate, or even if a fuel injection 

tube is brought into contact with the inside of the cell tube, electric conduction (or electric discharge) in the base 

tube can be prevented, whereby the stability and reliability of the cell can be improved. 

Moreover, even if a good conductor is brought into contact with the inside of the base tube during operation, 

a conduction (discharge) phenomenon does not occur between the good conductor and the fuel electrode out- 
15 side the base tube, and the generated electricity flows without deviating from a designed path, and is collected. 
Because the reaction-preventive film is formed under the fuel electrode, and a heat treatment can improve 

an open-circuit voltage and makes the electrolyte denser, resistance may be decreased by thinning the film. 

Consequently an improvement in performance can be expected. 

Also, according to the present invention as described in (5) and (6) above, provided is a solid oxide fuel 
20 cell in which the fuel electrode material and the electrolyte material which are thermal -sprayed on the ceramic 

base are sintered, so as to make the particles pack more densely and therefore improve the electric conductivity 

of each cell element, and a method for manufacturing such a fuel cell. 

Each cell element formed by thermal spraying is merely an aggregation of particles. Many unfilled spaces 

and gaps are present in the elements, and gas passes through the elements easily. These elements are then 
25 sintered, and as a result, the particles in each element become crushed and the interfaces of the particles come 

in closer contact with each other, so that the gaps among them decrease as compared with the state before 

sintering. 

In consequence, gas molecules which pass through the films decrease to a minimum, and the increased 
contact area of the interfaces of the particles results in an improved electrical conductivity. 

30 As described, the present invention provides a construction of a fuel cell and a preparation method therefor 

using a fuel electrode and an electrolyte materials which are thermal-sprayed for easy formation of fuel cell 
elements and then sintered. Therefore, a dense solid oxide fuel cell having high electrical conductivity and its 
preparation method without using techniques which do not allow easy formation of the cell elements and del- 
icate and unstable manufacturing techniques, such as conventional sintering and EVD. The present invention 

35 makes it possible to improve the performance, efficiency and manufacturing efficiency of solid oxide fuel cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural view of the electrode structure of a cylindrical solid oxide fuel cell as an embodiment 
40 of the invention as described in (1 ) above; 

Fig. 2 is a schematic view of another embodiment in which the embodiment in Fig. 1 is applied to a module; 
Fig. 3 is a structural view of the electrode structure of a cylindrical solid oxide fuel cell as an embodiment 
of the invention as described in (2) above; 

Fig. 4 is a schematic view of the case where a heat treatment is carried out for a cell constitution not con- 
45 taining any reaction-preventive film; 

Fig. 5 is an explanatory view showing how performance is improved by the heat treatment; 
Fig. 6 is a current-voltage (l-V) graph for a case where the heat treatment is carried out for the cell consti- 
tution shown in Fig. 4; 

Fig. 7 is a view of cell constitution of an embodiment of the invention as described in (3) above; 
so Fig. 8 is a current-voltage (l-V) graph for a case where the heat treatment is carried out for the cell consti- 
tution in which the reaction- preventive film is provided; 

Fig. 9 is an explanatory view showing a performance improvement of the cell which is expected in the pres- 
ent invention; 

Fig. 10 is a sectional view of another mbodim nt of a solid oxide fuel c II of th pres nt invention; 
55 Fig. 1 1 (a) is a schematic vi w of microscopic constitution of a c II I ment of the mbodiment in Fig. 1 0 

b fore sintering; 

Fig. 1 1(b) is a schematic view of microscopic constitution of the cell element for th mbodiment of the 
present invention; 
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Fig. 12 shows a performance curve f r the embodiment of the solid oxide fuel cell of th present invention 
shown in Fig. 10; 

Fig. 13 is a structural vi w of th lectrode structure of a conventional cylindrical solid oxid fu I cell; 
Fig. 14 is a first view showing the flow of a curr nt of the conventional cylindrical solid oxid fu I cell; 
5 Fig. 1 5 is a second view showing the flow of the current of the conventional cylindrical solid oxide fuel cell; 

Fig. 16 is a structural view of a module in which the conventional cylindrical solid oxide fuel cell is used; 
and 

Fig. 17 is a schematic view of a discharge phenomenon occurring in the module shown in Fig. 16. 
w DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the invention as described in (1) above is shown in Fig. 1. 

As shown in this figure, in this embodiment, an insulating film 1 a having excellent electrical insulating prop- 
erties is formed on a base tube 1. That is, the insulating film 1a is formed by thermal spraying or the like on a 
is portion of the base tube where a fuel electrode 2 and an interconnector 4 are placed, and this film 1a is also 
made of a porous material which has good gas permeability and insulating properties. A preferable material 
for the insulating film 1a is alumina (Al 2 0 3 ) or the like having excellent insulating properties. With regard to the 
base tube 1, the fuel electrode 2, the electrolyte 3, the interconnector 4 and an air electrode 5 in Fig. 1, their 
constitution, function and the like are the same as in the conventional example, and thus the description about 
20 them is omitted here. 

According to such construction, the current which flows through the interconnector 4 from the adjacent air 
electrode 5 is joined by a current generated in the fuel electrode 2, and the current thus joined flows through 
the solid electrolyte 3 to the air electrode 5. This flow does not get into the base tube 1 , even if a film 9 having 
high resistance forms between the solid electrolyte 3 and the fuel electrode 2 during operation. In short, since 
25 the insulating film 1a of excellent electrical insulating properties is disposed on the base tube 1 , the current 6 
neither gets into nor damages the base tube 1,1b, even when the film 9 or the like with high resistance forms 
at a portion through which the current 6 flows. 

Furthermore, these constructions of the cylindrical solid oxide fuel cell using the insulating film 1a and the 
insulating base tube 1b of the present embodiment can be applied to a solid oxide steam electrolytic (SOSE) 
30 cell in which reactions run in the direction opposite to those of the fuel cell. 

Fig. 2 shows an embodiment in which the cylindrical solid oxide fuel cell of the embodiment shown in Fig. 
1 is applied to a module structure. In the module shown in Fig. 2, an insulating film 1c of alumina is formed, 
and therefore even if a metallic fuel injection tube 11 is brought into contact with the inside of a cell tube 10, 
no conduction (discharge) phenomenon occurs therebetween. Other constitution and function are the same 
35 as for the conventional example, and thus the description about them is omitted here. 

Next, an embodiment of the present invention as described in (2) above will be explained with reference 
to Fig. 3. 

As shown in this figure, in this embodiment, an insulating base tube 1 b having excellent electrical insulating 
properties is used. The base tube 1b is a circular tube made of porous alumina and has higher insulating prop- 
40 erties than conventional calcia-stabilized zirconia, while it does not prevent hydrogen (HJ from moving from 
the inside of the base tube 1b to a fuel electrode 2. 

Such a constitution prevents electric current from flowing into the base tube, as in the embodiment for (1) 
above shown in Fig. 1 . The fuel electrode 2, the solid electrolyte 3, the interconnector 4 and the air electrode 

5 in Fig. 3 are the same as in the conventional example, and thus the description about these is omitted here. 
45 In the present embodiment, since the insulating base tube 1b having excellent electrical insulating prop- 
erties is used, the current 6 does not go into the base tube 1,1b and therefore does not damage it, even if a 
film 9 or the like having high electric resistance forms during operation at a portion through which the current 

6 should normally flows. 

Furthermore, these constructions of cylindrical solid oxide fuel cell using the insulating film 1a and the in- 
50 sulating base tube 1b of the present embodiment can be applied to a solid oxide steam electrolytic (SOSE) 
cell in which reactions run in the direction opposite to those of a fuel cell. 

The electrolyte in the cylindrical solid oxide fuel cell is required to have gas tight properties, and it is pre- 
ferred to carry out a heat treatment (at a thousand and several hundreds degrees Celsius) in order to make it 
denser. The heat treatment prevents the leakage of hydrogen (HJ from the fuel electrode 22 to the air electrode 
55 24, such as shown in Fig. 5, and ther fore prevents the combusti n of hydrogen (HJ at th air lectrod . 

How v r,th h attr atmentr suits in the formation of a highly resistiv materia 1 22a at an interface contact 
position betw en th fuel lectrode 22 and an insulating film 27 of the base tube 21 as shown in Fig. 4. Th 
conductivity on the fu I electrod 22sid therefore b comes reduc dandanegativ influence app are one II 
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performance. In other words, as shown in Fig. 6, if the h at treatment is carried ut (as indicated by numeral 
32inth figure), the electrolyte becomes denser and an open circuit voltag Is high r than a case without the 
heat treatm nt (indicat d by 31). For th above-mention d reason, how v r, th resistance incr as s (R 7 £ 
Re) and the cell p rformance does not improve. 
5 Therefore, as shown in Fig. 7, in the embodiment for (3) above, a reaction- preventive film 22b made of a 

chemically stable material is placed between the insulating film 27 and the fuel electrode 22 in order to prevent 
the insulating film 27 formed on the ceramic base tube 21 from reacting with the fuel electrode 22 at the time 
of the heat treatment. 

That is, the insulating film 27 of alumina (Al 2 0 3 ) or the like is formed on the outer surface of the ceramic 
10 base tube 21 by thermal spraying or the like, and the reaction-preventive films 22b of yttria-stabilized zircon ia 
(YSZ) or yttrium (Y 2 0 3 ) are circularly formed at certain intervals on the insulating film 27 of this base tube 21 , 
and also air tight films 26 are formed therebetween by thermal spraying or the like. The base tube 21 is cylin- 
drical and made of calcia-stabilized zirconia (CSZ) or the like. The fuel electrode 22 is placed on each reaction- 
preventive film 22b, and the solid electrolyte 23 and the air electrode 24 are further laminated on the fuel elec- 
ts trade 22. In addition, an interconnector 25 for mutually connecting the solid electrolytes 23 is formed by thermal 
spraying or the like. 

The fuel electrode 22 is made of nickel (Ni), nickel oxide (NiO) or the like. As described above, the reaction- 
preventive film 22b is placed under each fuel electrode 22, and the solid electrolyte 23 and the interconnector 
25 are formed, and then heat treatment is carried out at temperatures of, for example, a thousand and several 

20 hundreds degrees Celsius. 

As a result, the solid electrolyte 23 and the interconnector 25 become dense, so that the leakage of hy- 
drogen (H 2 ) from the fuel side to the air side (from the H 2 side to the 0 2 side) is sufficiently stopped. This makes 
it possible to reduce the thickness of the electrolyte film and prevents the electric resistance of the elements 
on the fuel side from increasing. Thus, it can be expected to enhance the performance of the cell. 

25 In this embodiment, the reaction- preventive film 22b of a chemically stable material is placed under the 
fuel electrode 22, and therefore a reaction product having high electric resistance, shown in Fig. 4, is prevented 
from forming at the interface contact position between the fuel electrode and the insulating film during such 
heat treatment. In consequence, the increase of resistance due to the heat treatment can be prevented, and 
as shown in Fig. 8, the increase of the open circuit voltage and an improvement in the cell performance at a 

30 rated operation point may be expected. In other words, if the heat treatment is carried out (as indicated by 33) 
in the presence of the reaction-preventive film, the open circuit voltage becomes higher and the performance 
at the rated point is better than a case where no heat treatment is carried out (indicated by 31) or where only 
the heat treatment is performed (indicated by 32). 

In addition, the denser electrolyte enables itself to be thinly formed, and this effect can be utilized advan- 

35 tageously. In Fig. 9, a current-voltage curve is shown for a case where the electrolyte layer is made thinner 
than the embodiment shown in the graph in Fig. 8. In Fig. 9, the broken line indicated by numeral 34 represents 
an improvement achieved by making the electrolyte layer thinner as compared with the solid curve indicated 
by numeral 33, which is the same as the curve 33 in Fig. 8. Smaller R9 indicates a decrease of electric resistance 
because of a thinner electrolyte layer. Also, it should be noted that the open circuit voltage (voltage at I = zero) 

40 may be slightly smaller than a case with a thicker electrolyte layer because the potential for generating electricity 
may be slightly smaller. 

In this embodiment, the insulating film 27 is placed on the base tube 21. Instead, however, as the present 
invention described in (4) above, the base tube 21 itself may be made of an insulating material and the reaction- 
preventive film may be placed between the base tube made of the insulating material and the fuel electrode. 
45 Another embodiment of the present invention with respect to (5) and (6) above will be described with ref- 
erence to Figs. 10, 11(a) and 11(b). 

Fig. 10 is a sectional view of an embodiment of a cylindrical solid oxide fuel cell of the present invention. 
Referring to cell elements in this figure, a porous ceramic base tube 31 is made of calcia-stabilized zirconia 
(CSZ). A fuel electrode 32 is made of nickel (Ni), a cermet of nickel and YSZ, or the like. An electrolyte film 33 
so is made of yttria-stabilized zirconia (YSZ). An air electrode 34 is made of a lanthanum compound such as a 
lanthanum-cobalt compound (LaCo0 3 or the like). An interconnector 35 is made of nickel-aluminum, and also 
a protective film 36 is disposed. 

If we look at the microscopic constitution of the fuel electrode and the electrolyte film which has been just 
thermal-sprayed on th base tub , it would appear as shown in Fig. 1 1(a), wherein the powder of each material 
55 is only thermal-sprayed during which th powder particles do not become completely melted, and they appear 
tob merely gath r d, remaining in their particulat form. Therefore, many gaps and spaces are present among 
th particl s, and boundari s among th particl s are open. This leads to a high passag rate of gas through 
the films. 
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At this stage, the c II elem nts of th present Inv ntion are In the same condition as those made by con- 
v ntional th rmal spraying. 

Next, the base tube on which th fuel lectrodeandth lectrolytefilmhav b enth rmal-spray displaced 
in an lectric furnace and then fir d at temperatures of from 1000 to 1500°C, pref rably at 1300°C, in an ox- 
s idizing or reducing atmosphere. The microscopic constitution of the thus fired materials is shown in Fig. 1 1(b), 
wherein the particles are crushed and the gaps among the particles have decreased or disappeared. The 
boundary surfaces of the particles adhere and are connected to each other. 

Subsequently, the interconnector, the air electrode and the protective film are thermal-sprayed to obtain 
a plate type solid oxide cell shown in Fig. 10. 
w The thus obtained cylindrical solid oxide fuel cell is compared with the same type fuel cell prepared by con- 
ventional thermal spraying, and the results are set forth in Table 1. 
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Table 1 



Conventional Method Present Invention 
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25 



30 



35 



Electrical 
Conductivity 

Open Circuit Voltage 

Diffusion Ratio 

Heat Cycle 
Resistance 

Fuel Utilization 

Voltage at 200mA/cm 2 

Efficiency Using 
Hydrogen (HHV) 



0. OSS •cm 

1.0 Volt 
base 
medial 

60-70% 
0.5-0.6 Volt 
about 30% 



0. OSS-cm" 1 

1.1 Volt 
1/100 
good 

80% 
0.7 Volt 
36% 



According to the results shown in the table, the efficiency when hydrogen is used, which is one of the eval- 
40 uation items most indicative of cell performance, is about 30% in the conventional cell type and 36% in the pres- 
ent invention, representing a 20% improvement in efficiency. 

Furthermore, performance curves are shown in Fig. 12. According to Fig. 12, it is apparent that the decrease 
of internal resistance (i.e., adhesion among the interfaces of the particles) leads to a result that a curve 38 for 
the present invention is at a higher voltage level than a curve 39 for the conventional thermal spraying techni- 
cs que. 

Also, while the solid oxide fuel cell of this embodiment is cylindrical, the above-mentioned results have been 
shown to equally apply to a plate type fuel cell. 

According to this embodiment, the particles in each cell element become dense as shown in Fig. 11(b), 
reducing the internal resistance and improving performance. Moreover, in contrast to fuel cells made by sin- 
so tering, the formation of the respective elements is easy, and the density and electrical conductivity of the cell 
elements can be improved without using such a delicate and unstable manufacturing technology as EVD. 
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1. Asolidoxid fuel cell, comprising an lectrically insulating layer formed on a bas tub , andag n rating 
layer formed by succ ssiv ly laminating a fuel lectrode, a solid electrolyt and an air electrode on said 
insulating lay r. 



7 



EP 0 516 417 A1 



10 



2. A solid oxide fuel cell, comprising a bas tube having electrically highly insulating properti s, and a g n- 
rating lay r form d by successiv ly laminating a fuel I ctrod , a solid electrolyt and an air I ctr d 

on said base tube. 

3. A solid oxide fuel cell of claim 1,wh r inach mically stable reaction- pr ventiv film is disposed b tw n 
said insulating layer and said fuel electrode layer, and said fuel cell is heat treated. 

4. A solid oxide fuel ceil of claim 1 , wherein a thin film of yttrium or yttria-stabilized zirconia is disposed be- 
tween said insulating layer and said fuel electrode layer, and said fuel cell is heat treated. 

5. A solid oxide fuel cell, comprising a base tube having electrically highly insulating properties, and a gen- 
erating layer formed by successively laminating a fuel electrode, a solid electrolyte and an air electrode 
on said base tube. 

6. A solid oxide fuel cell of claim 5, wherein a chemically stable reaction- preventive film is disposed between 
15 said base tube and said fuel electrode, and said fuel cell is heat treated. 

7. A solid oxide fuel cell of claim 6, wherein said reaction-preventive film is a thin film of yttrium or yttria-sta- 
bilized zirconia. 

20 8. A solid oxide fuel cell which comprises a base tube, an insulating film and a fuel electrode and a solid elec- 
trolyte thermal-sprayed onto said base tube and sintered, and an air electrode thermal-sprayed onto said 
fuel electrode and said solid electrolyte. 

9. A method for preparing a solid oxide fuel cell, comprising a first step of thermal spraying first an electrically 
2 5 insulating layer, then a fuel electrode and subsequently a solid electrolyte onto a base, a second step of 

firing said base on which said insulating material, said fuel electrode material, and said electrolyte material 
have been thermal-sprayed, and a third step of thermal spraying an air electrode material on said fired 
electrolyte material. 
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10. A solid oxide fuel cell substantially as herein described with reference to any one of Figures 1 , 2 and 3 or 
Figures 10, 11(a) and 1 1(b) of the accompanying drawings. 

11. A method of preparing a solid oxide fuel cell according to claim 9 and substantially as herein described. 
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